624 


HYDROCYANIC ACID IN PLANTS. 
PART ii. Its OCCURRENCE IN THE GRASSES OF NEW SoutH WALES. 


By James M. Perris, D.Sc., F.I.C., Linnean MacLEAY FELLOW 
OF THE SOCIETY IN BIOCHEMISTRY. 


(From the Physiological Laboratory of the University of Sydney. ) 


The systematic examination of Grasses for cyanogen compounds 
was the direct outcome of tests made to ascertain the eause of the 
sudden fatalities among stock, which took place in this State 
about two years ago. The sheep apparently had eaten nothing 
besides grass, and this-grass when tested was found to contain a 
cyanogenetie glucoside and the corresponding enzyme. 

It was conceived, that at least some of the frequent deaths from 
unknown eauses, and whieh are often attributed to supposed 
poisonous plants, might possibly be due to such grasses. 

Reference to the literature on this subject shows that hydro- 
cyanie acid in grasses, was first discovered by Jorissen, in 1884, in 
Poa aquatica Linn., and this was followed by its detection in the 
sorghums, in 1902 (Dunstan and Henry). Up to the present, all 
the eyanophorie grasses recorded are included in about 14 genera, 
and are given in Table 1. 

Some of these exotic grasses have been naturalised in this coun- 
try, and among them Briza minor, Lamarckia aurea, and Poa pra- 
tensis, are recorded by Couperot, as yielding hydrocyanie acid, 
when tested by him. (Journ. Pharm. Chim., 1908, 28, 542). 

These three grasses growing in this State, have been examined 
at various seasons, and have never given positive results, neither 
did they contain any trace of an enzyme capable of decomposing 
amygdalin. \ 
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With regard to this peculiarity, we may compare the results of 
the Armstrongs and Horton (Proc. Roy. Soc. Lond., B.86, 1913, 
265), with Lotus corniculatus growing in different countries. In 
apparently identical plants, they found that most contained both 
a cyanophoric glucoside and enzyme, but that in certain countries, 
the plants were aeyanophorie. Of the latter, some were rich in 
enzyme, others contained only a trace. They state in explanation, 
that the presence of the two correlated factors mentioned is not 
sufficient, and that a third factor is necessary, probably one influen- 
cing concentration. It would appear then, that the conditions of 
eoneentration are unsuitable in some instances, such as in our three 
grasses. 


TABLE 1. 


CYANOGENETIC GRASSES PREVIOUSLY KNOWN. 


Bambusa arundinacea Roxb., 1911,* cultivated in N.S.W. 

Briza minor Linn., 1908, naturalised in N.S.W. 

Catabrosia aquatica Beauv., 1908. 

Cortaderia argentea Stapf, 1906, cultivated in N.S.W. C. con- 
spicua, C. kermesiana, 1906. 

Elymus spp. 

Festuca poa Kunth, 1908. 

Holcus lanatus Linn., 1908, naturalised. 

Lamarckia aurea Monch., 1908, naturalised. 

Melica altissima, M. ciliata, M. nutans, M. uniflora. 

Panicum maximum, P. muticum, 1903, introduced, P. junceum. 

Poa aquatica Linn., 1884; P. pratensis Lann., 1908, naturalised. 

Sorghum vulgare Pers., 1902, introduced; S. halepense Pers., 
native; S. saccharatum, S. tartaricum, 1903, introduced; S. nigrum. 

Stipa capillata, S. gigantea, S. hystricina, S. leptostachya, S. 
Lessingiana, S. tortilis, 1906. 

Zea, Mays, 1903, naturalised. 

We have now to add to the above list of cyanogenetie grasses the 
names of 17 more species, which are found in New South Wales, 


* The dates refer to record of hydrocyanic acid. 
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and which are here recorded for the first time as containing a 
cyanogenetic glucoside and the correlated enzyme. 


TABLE 11. 
CYANOGENETIC GRASSES OF New SouTH WALES. 


Andropogon gryllus Linn., N.S.Wales native grass. 
halepensis Sibth., var. mutica, N.S.W. native. 
sorghum (L.) Brot., vars., introduced. 
intermedius R.Br., N.S.W. native. 
ischemum Linn., introduced from N. America. 
micranthus Kunth, N.S.W. native (scented grass). 

Anisopogon avenaceus R.Br., N.S.W. native. 

Bouteloua oligostachya Torr., introduced from Mexico. 

Chloris petrea Sw., introduced. 
polydactyla Sw., introduced from S. Amer. 
truncata R.Br., N.S.W. native (star grass). 
ventricosa R.Br., N.S.W. native (blue star grass). 


Cortaderia argentea Stapf, vars. gigantea, rosea, variegata, 
S. Amer. Pampas grass, cultivated in N.S.W. 
Cyndon incompletus Nees (Stapf), a “blue couch” grass of S 
Af., perhaps indig. in N.S.W. 
Danthonia semiannularis R.Br., N.S.W. native (wallaby grass) 
racemosa R.Br., N.S.W. native (racemed oat-grass). 
Diplachne dubia Seribn. Mexican grass, cultivated Bathurst, 
Hawkesbury. 
Eleusine egyptiaca Pers., N.S.W. native(Egyptian finger grass). 
indica Gertn., N.S.W. native (crab grass). 
Leptochloa decipiens R.Br. (Stapf), introduced, interior and 
coast. 


NOTES ON THE GRASSES IN TABLE il. 


These twenty species were examined at various seasons, and 
tested for the presence of cyanogenetic glucoside and enzyme 
The results of the various tests are summarised below :— 
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Methods.—Cyanogenetic compounds were shown to be present in 
all the species, by plasmolysis of the tissues with vapour of chloro- 
form.  (1)Those classified as “very strong" changed colour 
within one minute, and yielded, in one case, over 0:0157/ total 
hydrocyanic acid. (2) Those marked as “strong” gave the 
colour change within one hour. (3) Those which required to 
stand 24 hours before any visible change occurred, are described 


as “faint.” 


General Results.—When portions of these grasses are placed in 
stoppered bottles, with the test paper, but without any reagents, 
and kept at 379 C. for 24 hours, two species only were found to 
evolve free hydrocyanic acid, these were Cynodon incompletus, 
and Diplachne dubia. The others only gave a positive result 


after anesthetising. 


Immersing about 10 gm. portions in boiling water does not 
immediately kill the enzyme; even with 2 minutes’ immersion, the 
grass subsequently liberates hydroeyanic acid when placed in 
chloroform vapour, but when kept immersed for 2-5 minutes the 
enzyme is completely destroyed. All the species, when thus treated 
for 5 minutes, and found to evolve no hydrocyanic acid with 
ehloroform vapour during 48 hours, were then mixed with emulsin, 
and quickly showed the colour change due to hydrocyanic acid 
evolution. The compounds were thus shown to be glucosides. 


Detailed Results of the Individual Grasses. 


Andropogon halepensis.—This grass, which is regarded by 
Hackel as the original wild species from which the sorghums have 
sprung, is of very wide distribution, and is now considered indi- 
genous. The reaction of the cyanogenetic glucoside was found to be 
maximum in January and August, t.e., in the Midsummer growth 
and the second growth due to the late winter rains. At other times 
throughout the year, including the flowering period, the grass gave 
only a “faint” positive reaction. 


January  ... + strong. August ... + Strong. 
April ... + faint. November ... + faint. 
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No free hydrocyanie acid was evolved from the grass on keeping 
in a closed bottle for three days. 


Andropogon australis has not shown the least trace of hydro- 
cyanic acid at any time of the year. 


These two grasses are the only two indigenous sorghums, syn. 
respectively with Sorghum halepense Pers, and S. plumosum 
Beauv. 


Andropogon sorghum, vars. vulgaris, saccharatus.—Grown in 
experimental plots these grasses were tested in each month, and 
gave positive reactions from January to December. There was no 
period in which healthy growing plants were free. In only one 
plot growth was arrested, and the plants killed, by cold weather 
in June, and within a few days the tests varied from “strong” to 
“faint” and nil, the height being 14 inches. Dunstan and Henry 
found the Egyptian sorghum to lose its glucoside entirely when 
14 inches high, while, on the other hand, the sorghum grown here, 
on the Richmond River, and also that grown in Queensland, 
showed the presence of glucoside when over 4 feet high. 


The glucoside was present in the inflorescence, leaves, stems, and 
roots. The top leaves were always strongest, and especially the 
young uncoiled apex-leaves; the reaction diminished with the posi- 
tion of the leaves down the stem, and frequently the lowest leaves 
gave none. The stems, too, showed a gradual diminution 
downwards, though frequently they gave uniform reactions. In 
the roots the strongest reaction was often obtained from the 
extreme tips. 


The leaves also showed a remarkable variation in enzyme, 
as the following summary of the results, obtained from tests on the 
leaves of mature plants, will show :— 

i. Leaves anesthetised, showed strong positive reaction, 

emulsin added—no evident change produced. 

ii. Leaves ansesthetised, showed faint positive reaction, 

emulsin added—no evident change produced. 

iii. Leaves anesthetised, showed faint positive reaction, 

emulsin added—very strong positive reaction. 
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iv. Leaves anesthetised, gave negative result, 

emulsin added—very strong positive reaction. 

v. Leaves anesthetised, showed negative result, 

emulsin added—negative result, 
amygdalin added—strong positive result. 

In i. and ii. class of results we have apparently an abund- 
ance of enzyme, in iii. a deficiency, and in iv. entire absence. In 
iv. certain leaves, chiefly the lowest on the stems, contained gluco- 
side alone, the accompanying enzyme having entirely disappeared. 
In v., certain leaves are shown to contain enzyme only, without 
glucoside. 

The mature plants when cut, and exposed to the air to dry, 
undergo very little change, with regard to glucoside or enzyme, 
during the first week. After this, the glucoside is gradually hydro- 
lysed; but while this action is proceeding, the enzyme, too, appears 
to be slowly destroyed, and so it happens that sometimes it is the 
glucoside, at other times the enzyme, which first disappears. 

Andropogon gryllus.—This indigenous grass never shows more 
than a trace of glucoside, and that only in the winter; during the 
hot summer weather it contains none. In autumn, the flowers and 
also the isolated seeds gave positive reactions. 

January -(young and green). August ... + faint. 
April + faint. November  ... +very faint. 

Andropogon intermedius and A. ischemwum are two native 
grasses, which are closely related, and in the summer months give 
strong reactions for a cyanogenetic glucoside. 


antermed. ischeem. 
January ... . + strong E ...  - strong. 
Aprl ... +faint a ... +faint. 
August ... ... +faint "m ... T faint. 
November ...  -FSstrong E + faint: 


Andropogon micranthus.—At no period was more than a trace 
of hydrocyanic acid detected, even throughout the flowering season, 
and during the winter months the grass was entirely free. 

January ... + faint. August ne ex 
April... ... + faint. November  ... + faint. 
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Bouteloua oligostachya.—This Mexican prairie grass is growing 
in the neighbourhood of Tenterfield, and specimens from there 
growing in the Botanic Gardens, were found, at certain seasons, to 
react strongly for glucoside. In the autumn it entirely dis- 
appeared, to return again faintly in the rainy season, and 
gradually to increase in the Spring, to a maximum at Mid- 
summer. 

January ... + very strong. August ... + faint. 

April .... - November ... strong. 

Chloris.—Four specimens of this grass are cyanophoric; of these 
two are native to N.S.Wales, viz., C. truncata and C. ventricosa, 
and are widely distributed over the Eastern States. 

The exotie species, from whieh positive results were obtained, 


are C. petrea and C. polydactyla, and are cultivated in the 
Botanie Gardens. 





January. April. August. November. 
C. truncata...) -strong  ...| t- faint TES DENM. 
C. ventricosa .. | +strong n|-  .. ...| + faint ...| t faint 
C. petrea .. | t faint UL QE ...| + faint t very strong 


C. polydactyla..| + very strong | + very strong | + very strong | + very strong 


Samples of the native species were collected by Mr. Breakwell in 
Narrabri, Wagga, and Coonamble districts, from September to 
December, and these all gave, during this season, negative results. 

Cortaderia argentea.—The three varieties, gigantea, rosea, varie- 
gata, growing in the Botanic Gardens, were tested, and also a 
number of specimens growing elsewhere in Sydney. All gave 
“strong” reactions in all seasons. 

Cynodon incompletus.—This blue couch-grass is recorded only 
from E. and S. Africa, and in New South Wales from the Upper 
Hunter River and Forbes. It is still doubtful whether it has been 
introduced from S. Africa or 1s indigenous to Australia (Maiden, 
Agric. Gaz. N.S. Wales, 1912, 295). 

Hydroeyanie acid was first detected in this grass in November, 
1911, in a patch cultivated in the Botanie Gardens, and which had 
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been brought by Mr. Maiden from Aberdeen in 1907, from a spot 
on which cattle had died in November of that year. The cause of 
the fatality was associated with this grass. Samples were also 
obtained, through the Chief Inspector of Stock, from Scone and 
Muswellbrook, and these all gave strong positive reaction at this 
same season. A second fatality took place at Forbes, where over 
100 sheep died on December 9th, 1911. This grass was recognised 
on the spot, and when tested gave a very strong reaction. A third 
fatality occurred in the same district in February, 1913; after 
which some sheep were isolated and fed on this grass alone, when 
each of them died within half an hour. A sample of this same lot 
was received for analysis, from the Inspector of Stock at Forbes, 
and gave the following result :— 





a el dried at 











100°C. 

Free hydrocyanic acid ..................... 0:006 % 0:008 % 
Combined hydrocyanic acid ............ 0:010 7 0:017 7, 
Total hydrocyanic acid.............. 0:016 77 0:025 % 


—— 











The free acid was estimated by destroying the enzyme with boil- 
ing water, and distilling into standard alkali. The distillate was 
then titrated with silver nitrate. 

The total acid was estimated by previous fermentation of the 
grass, and then distilling off the volatile acid. 

It was calculated from the free acid figure that a sheep of 150 
lbs. weight would require, for a lethal dose, to eat about 2 lbs. 
weight of this grass. E 

Effect of drying on cut grass.—Grass which gave a very strong 
reaction for hydroeyanie acid, when exposed openly to the air, 
showed a gradual diminution of the intensity of reaction during 
three weeks. At the end of this time the grass reacted only very 
faintly, and usually in the fourth week gave negative tests. When 
now, this grass was moistened, and emulsin added, it still gave 
negative results, but on adding amygdalin instead, a strong positive 
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result followed. The glucoside alone had disappeared, the enzyme 
was still active. 

A similar result was also obtained with grass which had been 
air-dried for over three months. 

Seasonal variations of C. incompletus :— 


June etait: December ... very strong. 
July ... faint. January  ... very strong. 
August  ... very faint. February ... very strong. 
September ... faint, increasing. March ... Strong. 

October  ... strong. April ... decreasing, faint. 
November ... very strong. May ... faint. 


The author desires to express his indebtedness, and thanks to the 
following gentlemen, for supplies of this grass, at the various sea- 
sons:—Chief Inspector Symons, of the Stock Department; Stock 
Inspectors C. Brooks, of Scone, and W. G. Dowling, of Forbes; 
Police Inspector Nolan, of Forbes; Mr. J. H. Maiden, F.L.S. 

Other Couch-grasses.—Cynodon dactylon Pers., the common 
couch grass of lawns was tested from various parts of the State. 

Digitaria didactyla Willd., the Sydney blue couch, is found in 
certain isolated patches only, such as Hunter’s Hill, Vaucluse, and 
Botanic Gardens. These two grasses have always given negative 
results for hydrocyanie acid, but in a number of instances they 
showed the presence of an active enzyme capable of hydrolysing 
amyedalin. 

Danthonia semiannularis 1s generally considered one of the most 
valuable and nutritious of the native grasses. It gives a faint 
reaction for eyanogenetie compounds, but towards the end of sum- 
mer it is parched and dry, and is then quite free, till the autumn 
rains renew the growth. 

January ... + faint. August ... + faint. 
April er November  ... + faint. 

Samples of this grass were collected by Mr. Breakwell from 
Narrabri, Wagga, Moree, ete., at the various seasons, and all gave 
similar results, when tested. 

Diplachne dubia, a Mexican grass, cultivated in the Botanic Gar- 
dens. This is one of the strongest eyanogenetic grasses tested. It 
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evolves free hydrocyanie acid continually, and if placed in a stop 
pered bottle with the test paper, shows an intense reaction in : 
few minutes. The glucoside, enzyme, and free acid, are presen 
in all parts, and throughout the whole year. 
January  ... + very strong. August e. + very strong. 
April ... + Very strong. November ... + very strong. 
Eleusine ceegyptiaca and E. indica.—These two native grasses 
are widely distributed, the former in the interior of New South 
Wales, and the latter in the coastal districts. They are very rich in 
eyanogenetie glucosides, all parts of the plants giving strong 
reactions, except in the winter. 


egypt. indica. 


January ... i. n. 4- + strong. 
April sn TE i + t strong. 
August... TA Per — — 

November D D + ar strong. 


Leptochloa decipiens.— This exotic grass reacts energetically 
for cyanogenetic glucoside at all times of the year, and is 
strongest in Autumn and late Spring. The flowers and seeds are 
also very strong. It is cultivated in the Botanic Gardens and 
Centennial Park. 


Grasses cultivated in the Botanic Gardens. 


By the co-operation of the Director of the Gardens, Mr. J. H. 
Maiden, 152 different species of native and exotic grasses have 
been tested at four different seasons throughout the year. A number 
of the results were confirmed by tests on material collected by Mr. 
E. Breakwell, B.A., B.Se., Department of Agriculture, in the pas- 
toral districts and at the Government Farms. 

All the specimens have been carefully examined by Mr. E. Cheel 
in the National Herbarium, and considerable time has been occu- 
pied in their identification. The species were checked and con- 
firmed by Mr. Maiden, and a number of doubtful ones were re- 
ferred to Kew. It will be recognised that the value of the results 
stated is largely dependent on the fact that the botanical names 
are as correct as it is possible to give them, and for this essential 
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part of the work much credit is due to my eollaborators. 

The grasses were tested in a similar manner to the plants re- 
eorded in Part i. (These Proc. xxxvii, 1912, 220), viz., (1) grass 
in vapour of chloroform, for presence of cyanogenetie compounds 
and free hydrocyanic acid, (2) grass and emulsin, in ease of 
enzyme deficient or absent, and (3) grass and amygdalin, for pre- 
sence of D enzymes. 

These three tests are represented respectively by the three signs 
in each column. 


Jan. April. Aug. Nov. 
Agropyron scabrum Beauv.. as: ssa] = , =. .|— AS 
A graosiistalba oa... 0 .. a L a 
Stalon era Dinna <eo s: we E a Te mts 
stolonifera Linn., var. SHUT coo ==" 2 ENS 
vertaicillata Vill... .. .. ..|— ==. MEE 
RUM c a, E QC mE — Im — 
Alopecurus geniculatus Linn. .. ..|— , |. =- -|= , -|— 
Andropogon affinis R.Br. ........j- ===. .I |. E 
annulatus Forst. <2 1. se ee ed- === , || Se 
australis SPVENS.... s. vv ew ee- — IL. | EE 
a AR ie "EN cm 
gryllus Trin. E a + a 3: 
halepensis Sibth., var. PUn 

Hack.. JE E T 295 
Denon R.Br.. ; Siem mS ite si 
wscheem ina 0n da. e ee ee alee 
micranthus Kunth. .. .. .. o+ mee = ie 
saccharoides Sw., var. barbi- 

NODS .. vx 66 ae ee te e ru 2 l= | = nn 
scheenanthus Liga. "——É ÉL i| 
sericeus R.Br. ..... 2... .. ../ — ==. S BEES 

Anthoxanthum odoratum Linn, epe lobo EI 
Amstida tamosa abr. s. 1... ed- — p , |. NEM 
Arundinella nepalensis Trin. .. ..|- — -|— s 5, = 
Asperella hystrix LNN. s. se cs esl — | - — ENS 
Astrebla taticottes F.v.M. .. .. ..|— — em a Ia 
+ 


Baza minor Dinn. 2. qe Cess. NS E 


Bouteloua oligostachya Torr. .. ..|; , .|— : ah 
Bromus erectus Huds. ........|- — -|~ . J[— . MID 
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Jan. - April. Aug. Nov. 








Bromus inermis Leyss A 
In Gray ee NS. re 
madriteusis Linn. "EM 
Pampellianus Seribn. .. .. 
uemosus Emme o... ou vgl 








: S un ut 
KOOL A o A oaa 
a eal odes EDI 2. ....—--— al 
Catapodium syrticum Murb... .. ..|. . J= , -|= uM E 
DADO NS e A | lm. cope B NEM 
Chetum bromoides — ... ... A L E n 
Chloris gayana Kunth... .. .. Em. Nm zd 
VETUS A o A EIE o "MA. E 0 
polydactyla Sw. qJ. ES a E | 
submutica H.B.K. O Md E __ x 
truncata R.Br. e.e 0... .. ey + B -  — EM 
ventricosa R.Br... .. .. ee ele | L|. le OL, 
Coix lachrymi-Jobi Linn. .. .. n| — -| . ÁN S 
Cortaderia argentea, var. rosea d.c ENS | z 
var. gigantea .. .o ss os ee ofh . ilu TR A 
var. variegata .. .. .. ero + ae TH 
Corynephorus canescens Eu. | — Aer E cu 
Cynodon dactylon Pers. .. .. e eJ —- +H- . ul — -lL , 
incompletus Nees .. .. .. .. «e/a x EM B. 
Dactylis glomerata Linn. .. .. .. ..| — Ee 2 em - "n 
Danthonia semiannularis R.Br. ..|4 . a de Eu 
zoonoscd RB NE. «ola , . i 
Dichelachne crinita Hook.. .. .. ..|. — -ln = Mes a 
Digitaria didactyla Wild. .. .. .. ox o NE. WEM Ñ 
muera Beau. a a a” | = ee - 
Diplachne dubia Seribn. .. .. oo col. le. Ru. lll 
Echinopogon ovatus Palis. .. .. .. . l.c. APO 
Ehrharta calycina Sw., var. versicolor - — .| | . _l= . -|_ 
Eleusine egyptiaca Pers. .. ... ... P L 2 zm E 
ca Gerin. e - T 
as arenareus Linn... 9. «Je — =) =" ee M 
fopmsius DOLIDI ce aa 9925 3-9 A 
vus Linn. cM S. cum AE NICE E _ 
LoggXOSDe- Browni NCGS... ss so .|—-— =— ee | a 
cuna Neos oere eee > AS E A 
Cdra Picado. Mo a E. E ee 2 
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Jan. April. 
Eragrostis leptostachya Steud ... ... cs m M - 
major .. d as E ER En. 
E OS MAA T. 
BIUUHRNOeS. on eso o ES m x |. =D " 
purshii Schrad. .. ae - 
Erianthus ravenne Beauv.... ... MEUS M m 
Festuca bromoides Linn. .. +... ..1. . , |. , . j= 
dumuscula Linn se on IX m 
elatior Linn. .. .. .. |o mM 
elatior Linn., subsp. iC IEE L . ie 
Thom Vill e p REEF. S Pn 
E EUN. a A NEUE 
a +. c ¡IM 
ovina, var. tenuifolia, Sibth. Ba. 22 Bie 
RO 5 A 
Glyceria Fordeana EVM ... ... ... [== —|— - 
Homarthria compressa R.Br. ... ...|. , +|= z 
Isachne australis R.Br. .. .. .. ..|= &-— | = 
Lagurus ovatus Linn... . ne: = ee 
Leptochloa decipiens R.Br. (Stapf) "MN FEN o 
Lolium multiflorum Lam. "EMT -—ur 
perenne inn ea es O og) | = TERES 
temulentum Linn. me = = sS 
Microlena stipoides R.Br. ...... .|_ - —|-— = 
Miscanthus sinensis, var. zebrina ..|_ E E 
Oplismenus Burmanni Beauv., var. 

TU CUE A oye Sk ea ees) ES kt 
Oryzopsis miliacum Benth... .. ..|.. _ ~—|— = 
Ranicum bicolor RCBI. $9 0 29 aaja — 1 Se 

o B. e e m 
colonum mn. ai c © + m E 
decompositum- IUBE. .. c hill = os M 
divaricatissumum R.Br., var. 

normale Benth. .. .. .. "E RE = 

flandum INCRE a clue c. eel = 
flavidum, var. tenuior Retz. = elc 

gracile- Br. se oss a a =| A 
leucopheum H.B.K. == HEN 


marginatum R.Br. .. 


miliare Lam. . € e oè o... . 9 e e . e 
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Panicum parviflorum R.Br. 
W AE e oo RU os 
sangwinale Linn. .. .. .. ss .. 
S elum R.Br 2. .. Gs es 
tenerife R.Br. are 
Paspalum dilatatum Poir. ... ... ... 
Gis hehunmi Lnn. m. lee 
lve Waehx. .. .. s .. .. .. 
paniculatum Linn. .. 
platycaule Poir. .. .. 
scrobiculatum Linn. 
stoloniferum Desv. .. .. .. 
ICAA -...-.- 
virgatum Linn. TE 
Pennisetum compressum R. Ee TIT 
latifolium Spreng. TEM 
longistylum Hochst. .. .. .. .. 
macrorum Trin. i 1 
orientale Rich., var. AED 
Phalaris bulbosa D - o 
cerulescens Desf. 
minor Retz.... 


Poa annua Linn... .. se .. .. ee! 


cespitosa Borst o o ...0..- 
compressa LID. es 
nomonabs Linn daa ss 
paulensis Linn. MES x. s. 
Pollinia fulva Benth. .. .. 
Saccharum eae” Linn. 
Wa.. v.e zo METET 
Secale a bus AU 
Setaria imberbis Roem. & Schult.. 
Spinifex hirsutus Labill. .. .. .. .. 
Sporobolus diander Beauv. .. .. .. 
indicus R.Br. .. .% T: 
virginicus Kunth. .. .. : 
EA — ae mU 
Stipa elegantissima Labill. 
pubescens R.Br. Se cs s 








tenuissima Trin. .. .. ss se «elo = = 





PETRIE. 
Jan 
EE 
- — + 
=-+ 




















s 
+i 
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Jan. April. Aug. Nov. 
Stipa verticillatg Trin. ..4..... —.|— — =|=- , -e as 
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